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Abstract 
In view of the terrain around highway in the research area, a segment & layer based terrain LOD modeling algorithm 
is proposed. By combination with view-dependent factors, the complex scene of large scale terrain is simplified and 
the observation effect of 3D terrain visualization in research area is improved. The application of multithread 
processing mechanism and vision smooth transition processing enables simultaneous processing of terrain mapping 
and data scheduling, and improves the efficiency of terrain walkthrough and the real-time visualization effect. The 
experimental results show that this algorithm is featured with large amount of data processing, high efficiency and 
fine effect etc. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
In recent years, with the rapid development of computer technology, especially computer graphics 3D 
visualization technique and virtual reality technique, the intuitive and vivid 3D terrain visualization 
system has become the focus of researches. Compared to 2D plane terrain which is characterized with 
singularity and lack of intuitiveness, 3D terrain can transform the geographic data and its analysis results 
into direct visible information, and enable geographic information visualization and space analysis. 
The core of 3D terrain visualization is to solve contradictions between the complex terrain surface 
model of massive terrain data and the limited mapping capacity of computer graphics hardware. Due to 
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complex structure and massive data, it is difficult to realize real-time simulation of the dynamic change of 
terrain. To obtain ideal visual effect and computer processing rate, it is important to apply some 
techniques to manage the 3D terrain models in the scene. In which, GRID has vertex in regular 
distribution and it is sufficient to record basic data information and elevation of each grid point. Therefore, 
it is featured as simple structure, convenient operation and easy for simplication, and much suitable for 
large scale terrain data organization and management.  
This paper takes the terrain around the highway in research area as research object, aims to establish 
3D visualization scene of dynamic terrain, performs filed work measurements with combined GPS-Total 
Station digital mapping method, and generates updated terrain data by fusion with original terrain map. 
Besides, it applies segment & layer based LOD modeling algorism, and large scale terrain simplification 
method as well as multithread management and vision smooth transition processing, makes programming 
and realizes real-time visualization and walkthrough of large-scale 3D terrain scene in research area. 
2. Terrain Data Preprocessing 
During terrain modeling, digital elevation model (DEM) supplies the basic data support. It starts with 
the given scattered points in 3D coordinate and the given contour line of elevation to construct terrain 
surface, and represents special distribution of physical terrain features in digital form. DEM consists of 
three main kinds of data models: regular grid (GRID), irregular triangle (TIN) and contour model[1，2].
To establish DEM, it is necessary to firstly measure 3D coordinate of some points, i.e. DEM data 
collection or DEM data acquisition, and such discrete points are DEM data sources. According to 
different data sources, the DEM data acquisition method is divided into DEM data acquisition by direct 
field measurement, DEM data acquisition by photography method and DEM data acquisition by terrain 
mapping. This paper utilizes combined GPS-Total Station digital mapping method to perform fieldwork 
measurements for the area, and takes use of ARC/INFO software for fusion with original terrain map and 
achieves 4800 x 6000 ASCII GRID of data form, with grid origin coordinate X=105.0000, Y=10.0000 
and grid distance is 180m. 
3. Key Techniques for 3D Terrain Visualization and Walkthrough  
3.1. Terrain LOD Modeling Algorism Based on Quadtree Structure  
At present, the computer still has limited memory and it is impossible to call in large-scale terrain data 
to memory at one time. Therefore, a processing solution based on data segmentation, partial data 
permanent memory and multi-level simplification in segment is proposed. Its basic principle is to process 
terrain data by dividing the input points into segments and layers, so as to reduce I/O and occupied EMS 
memory. At first, the terrain is divided into equal-sized square segments. By this way, during 
walkthrough, only the segment newly coming into the field of vision needs to call in, the segment moving 
out from the field of vision needs to cancel, the other area does not require any processing and I/O load 
can be reduced greatly. 
The input data points are spatially divided into 4 sections and locally integrated, forming a quadtree 
structure from the top to the bottom. At the top, there are fewer segments, with larger terrain range and 
lower resolution in each segment; At the bottom, there are more segments, with smaller terrain range and 
high resolution. The terrain is divided into segments and layers in 2 steps: (1) to divide the input points 
into segment sets to avoid call in all data points to memory at one time. The segment algorism in this 
paper is based on spatial coordinate of sampling points to physically divide the terrain data into equal-
sized segments; (2) to subdivide the grid segment layers from the top the bottom. When quadtree data 
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structure is used to represent the terrain model, each node of the tree covers a rectangular zone. At the top 
node, there are fewer sampling points, lower resolution and rapid rate; at the bottom terrain, there are 
more sampling points, higher resolution and slow rate. See Fig.1 for the structure. 
Fig. 1. Quadtree Data Structure 
3.2. View-dependent and Orientation-dependent Measurement Reference  
On one hand, the observation effect of eyes at some part in a scene depends on the distance between 
observation point and target, that is, the nearer the distance is, the more particular the observation effect 
will be, vice versa.  On the other hand, it depends on view orientation. Therefore, it is considered to use 
an expression d including view dependent and orientation dependent factors as measurement reference to 
decide the level of details (LOD) for each segment. 
 
 
 
 
 
 
Fig. 2. View-Dependent Model 
In the Fig.2, the origin of coordinates system is at O(0,0,0), the view point is at V(xv,yv,sv) and target is 
at P(xp,vp,zp). Then the distance d between view point V and target P can be represented as follows: 
2)(2)(2)(|| pzvzpyvypxvxVPd −+−+−==                                                                                                               (1) 
In addition to the view-dependant factors, the author adds and orientation-dependent factor to the 
expression d to improve the authenticity, and the detailed expression is as follows:(where θ  is the angle 
between OV and PV) 
d=d+d*sinθ                                                                                                                                      (2) 
In 3D space, the motion of view point in vertical direction will affect little on the relative distance of 
view point and segments. Therefore, above measurement reference can be simplified from 3D space to 
3D plane so as to reduce the workload during real-time calculation. Thus, the measurement reference for 
the terrain segment will be: 
d=(1+sinθ)* 2)(2)( pyvypxvx −+−                                                                                                          (3) 
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In real mapping, it is considered to represent the relative distance of segment and view point by the 
center of the segment, i.e. d corresponding to calculated view point and target segment center. d value 
shall be compared and arranged orderly. The segment with min. d value will be considered as the most 
sensitive segment. During visualization, its finest layer model, i.e. Layer 1 model will be called in, the 
most roughness layer model will be called in for the segment with max. d value and the rest may be 
deduced by analogy.  
3.3. Multithread Management 
The above-mentioned effective data arrangement of LOD model lays foundations for dynamically 
calling in massive data to memory. Considering much access to I/O, the conventional single thread 
management may cause mapping waiting for I/O or I/O waiting for mapping and consequently affect on 
visual effect and result in incontinuity or pause of mapping. Therefore, this paper adopts multithread 
management, thread scheduling and scene mapping thread. Thread scheduling refers to prejudge the next 
terrain segment to come to the field of view and select appropriate time to access required terrain segment 
from hardware to memory according to the current position of observer and the motion parameters; 
what’s more, it will release the memory space occupied by terrain segment not requiring mapping. 
Fig. 3. Vertex Gradient During Transition from Low Resolution to High Resolution 
3.4. Vision Smooth Transition Process 
During transfer between adjacent LOD models, the conventional method is direct mapping. However, 
such method will certainly cause obvious quivering and does not conform to the visual practices of people. 
Therefore, it is necessary to use geometric transition method to offer vision transition between adjacent 
LOD models, gradually move the new point from start position to final position as view point becomes 
nearer and nearer, as shown in Fig.3. The motion at each time is within the visual tolerance of people so 
that the eyes will not feel abrupt. The vertex change equation is as follows,(where, m is the vertex before 
node subdivision, and c is the vertex after node subdivision.):  
∂ (t)=(1.0-t)m+tc,t∈[0,1]                                                                                                                   (4)
4. Experimental Results 
This system is at PentiumⅣ2.4GB CPU, 512 MB memory, Video Card GeForce 4Ti4600,128 MB 
video memory, Windows XP system, Visual C++6.0 platform, 1024 ×768 display pixel. With the 
proposed algorisms of data storage, simplification and scheduling, as well as programming under Visual 
C++ 6.0 environment, 3D walkthrough and visualization is realized for large-scale complex terrain in 
research area, and excellent effect is achieved [7]. See Fig.4 for the 3D display of terrain in research area. 8 
sets of images of different quantity were tested to compare the scene mapping rate of the proposed 
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algorism and conventional method, with results as shown in Fig.5. It shows that the data management and 
scheduling algorism proposed in this paper achieves average rate of 24FPS and can effectively complete 
the mapping of large-scale terrain, achieves smooth images without quivering and with high efficiency. 
Fig. 4. 3D Terrain Visualization 
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Fig. 5. Comparison of Mapping Rate 
5. conclusions 
In this paper, a study is performed on simplification and visualization techniques for large-scale 
complex scene. By use of DEM grid model, a segment & level based simplification method is proposed to 
effectively reduce data scale. During LOD scheduling, view-dependent factors are considered to achieve 
more vivid observation effects. Multithread mechanism is introduced to enable simultaneous processing 
of terrain mapping and data scheduling. Vision smooth transition processing method is applied to mitigate 
the problems of obvious pause due to data scheduling, improve the mapping rate and achieve high-
authenticity real-time visualization and walkthrough of large-scale terrain scene.  
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